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Abstract 

In this letter we have taken a particular Lagrangian, which was introduced 
to resolve U{1) problem, as an effective QCD Lagrangian, and have derived 
a formula of the quark content of the nucleon spin. The difference between 
quark content of the proton (ASp) and that of the neutron (A$]„) is evaluated 
by this formula. Neglecting the higher-order isospin corrections, this formula 
can reduce to Efremov's results in the large Nc limit. 
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1 Introduction 



The EMC data IQ taken in conjunction with the Bjorken sum rule p| imply that the 
total spin carried by the quarks in the polarized proton amounts to only about | of 
the spin of the proton. One possible way to explain these surprising results is to take 
into account a quantum effect known as the "axial anomaly" of QCD. The anomaly 
makes it possible for spin carried by gluons to mix with spin carried by quarks, thus 
modifying the structure of the quark sea. Effectively, if the gluon polarization is big, 
i.e. if the amount of spin carried by the gluon is large and positive, the fraction of 
the nucleon spin carried by quarks will appear to be smaller than it really is. Thus 
the existence of a large anomaly effect would explain the smallness of the apparent 
quark contribution to the proton spin. Six years ago, Cheng and Li suggested, 
looking at the anomaly effect of the U{1) Ward identity, 

duJu = Yj '^mqiiibqi + duKy , (l) 

i 

where Jl is the axial- vector singlet quark current, and Ky is the topological current. 
From Eq. (|I]), there seems to be a natural seperation of the current matrix ele- 
ment into the quark contribution (the first term), which is hoped to yield the naive 
quark-model result, and the gluon anomaly contribution (the second). However, the 
calculated gluon contribution is opposite in sign to what one had expected in the 
parton model [Q. Actually, in any covariant gauge 

{p'\Jl\p) = M(p')[7.75G'i(g') + g.75G'2(g')]M(p) , 

where q = p — p', u and u are the polarized proton wave functions, and G'i(G'j)'s are 
form factors. Above expressions can be written in the form, when p' = p, 

{pV'Jp) = 2M;v5.Gi(0), 
{p'\KM = 2MnSMi{0) , 
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where Mjv is the nucleoli mass, S^, its spin four-vector. And according to definition 
of Efremov et. al. |]5|, the contributions parallel to it are, in terms of quark and 
gluon distribution^, 

Gi(0) = AS - and Gi(0) = -A^ , (A^ = i^N^d^g) . (4) 

Thus, the calculated gluon distribution is large and positive. However, they ne- 
glected the large isospin violation and assumed that Aniri'gQNN <^ dri'NN = 6.3 in 
the final calculation. We note the following two points. First, the term proportional 
to (m„ — rrid) is neglected in Ref. 0, due to it leads to higher-order isospin cor- 
rections. But, according to Ref. ||^, the size of the term contributing to ASp is 
about 0.38. Neglecting thus large contribution, the obtained results are not satis- 
factory. Second, Kochelev [0] has shown that the the contribution of the vr^-ghost 
mixing to the charge symmetry breaking (CSB) may be significant, and the value of 
CSB is determined by the mass difference of d- and u-quarks and the ghost-nucleon 
coupling constant Qqnn- If we determin the value of CSB in the different methods, 
then the ghost-nucleon coupling constant Qqnn can still be obtained. Therefore, the 
assumption of Aniri'gQNN << gr]'NN is not always necessary. 

In this letter we take aim at solving above two questions. The paper organized 
as follows. In Section 2, we will start from a particular Lagrangian, and derive a 
formula of the quark content of nucleon spin. In Section 3, the difference between 
ASp and AS„ is evaluated. Neglecting the higher-order corrections, we found it 
comparable with the value of Ref. [^. In Section 4, the value of the ghost-nucleon 
coupling constant is obtained by introducing charge symmey beaking in the pion- 

nucleon coupling. Finally, discussions and conclusions are given in Section 5. 

^Here we would like to remind the readers that the definition of quark and gluon distribution 
function is renormalization scheme dependent . Based on the gauge-invariant operator product 
expansion, the first moment of the flavor-singlet polarized distribution function is given by AE(= 
6*1(0)), which is equal to AE — Ag in this paper, as shown in (4). 
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2 The effective Lagrangian and a formula of the 
quark content in the nucleon spin 

The longstanding U{1) problem (including not only rj mass problem, but also prob- 
lem of 1] —>■ 7r+7r^7r° decay) can be consistently resolved in the foUwing effectve 
Lagrangian, where U{1) anomaly is taken into accunt as 0{^) effect : 

^ = §Tr[9,f/9''f/t] + 'jzcV + ^^.{d'K.y - jr{d^K,)s , (5) 

with 
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1, 



[/ = exp i— (A°^ + AV) , = -Tt X%U + U^) , (6) 
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where A*^ are the usual Gell-Mann matrices, is the pion decay constant with 
input value of = 186.4 MeV, and = ~ 0{y^c), and tt" (S) is the flavor 
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octet (singlet) pseudoscalar field. The explicit SUf{3) breaking is represented by 
fcO,c^c=^) = (kx/lF^ml , -:ff^{ml - ml) , \F^Sm^) with mi = i(2m^ + ml) 



4 Y 2-^ 7r"^A^s ' 2^3'^ -f^ '"'wJ^ 4-'7r""^ J ^^^^^^ '"'Ns ~ 3 

and (5m^ = mj^+ — mj^o — ^1+ + ^^o. The last two terms in Eq. (^ contain an 
axial vector ghost field K^, which add a mass m? = m^/ + — 2m'j^ ~ ^(]^) 
the U{1) Nambu-Goldston boson S. Here i^^ in Eq. (|) should be identified with a 
non-perturbatie realization of the topological current in QCD 

~ a 1 

= Nj^e,^,^A;{d^A; - -gUcAlAD . (7) 

In the effective Lagrangian, the anomaly Eq. (|I]) takes the form 

0,3,8 _ 

J5 = 2 ^ c^v^ + d^'K^ , (8) 

a 

with 

t;" = ^iTr[A"(t/ - f/^)] . (9) 
By substituting Eq. (0) into Eq. (H) one gets 

2M^G'i(g2) + q^G2{q^) = A + 2M^Gi(g2) + g'G2(g') , (10) 



where 
A = 



u{p')i'y5u{p) 
I 



COS Q-i ~ sin 6^3 

sin 6*3 cos 6*3 

6*1 sin 6*3 — 6*2 cos 6*3 Q\ cos ^^3 + 6^2 sin 6*3 



/ g-q'NN \ 

OriNN 

, 9tt"NN 
2 

77-u 



{fif^'ATAfm^, [co COS 6^3 + cg sin 6^ + C3(6'i sin 6*3 - 6*2 cos 6*3)] 
+9riNNm'i [ - Co sin 6^3 + Cg cos 6^3 + 03(6*1 cos 6*3 + 62 sin 6*3)] 



±gnONNmlo (006*2 



+ C3)} , 



where 61, 62, 63 are the mixing angles between vr^ and 77, vr" and 77', rj and 77', 
respectively. The parameter g^s are the coupling constants. In the limit 0, 
and q^G2{q^) — > 0, then lim^2^o ^'^^'2(5'^) = G = Fgirn?! — mgQ^j^) is the residue of 
the ghost pole contributin §, where / = cose3 ± ^^^^f^^2 - ^ sin ^3. (Due 



to — T] — 1]' mixing, instead of one 77' pole we have to put the singlet combination 
of ri',ri,'K^ poles. Thus, we substitute m for Atti^/ in the expression of G. In our 
numerical calculation we take = Am'^, ^ 0.726 GeV^.) In the expressions of 
A and /, the plus or minus sign is for proton or neutron, respectively. One can 
re-express Eq. (|0]) at = as 

1 



Gi(0) =6-1(0) + — — (A + G) . 



2M, 



(12) 



TV 



Let A^f = — Gi(0) as in Ref. [5], then one find 



AS 



2M. 



N 



-(A + G) 



2M, 



N 



■[A + Fs{w?I - mgQNN)] 



(13) 



This is a formula of the quark content in the nucleon spin. Neglecting the higher- 
order isospin corrections, Eq. ([T3|) can reduce to Eq. (24') in Ref. 0. (For more 
details, see Appendix.) 
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3 Difference between AE„ and AE 



To calculate the difference between quark content of the proton (ASp) and that of 
the neutron (AZ1„), we only take amount into terms that carry the plus and minus 
signs in Eq. (|13]), 



AEp - AE, 



2Mjv 



-2 



3 (2 m|^+m^) g 



(14) 



Due to 62 = -a/I^ and 9i 

V 2 



2 2V2(m|^-m2)' 



one can re-express Eq. (|T4D as 



2Mn 



2mE) — -i/lfm^^ 



3(2m^+m|) 
2 3 

62] 



1 f 2F^g^0jvjv 0^2 1/1 

-77- "-J 



2Mm 



2 , 



(15) 



3 _ F^anpNN -g 



where we have made use of Goldberger-Treiman relation, i.e. g\ — ^^^^ 
clear that Eq. ([T^ ) reduces to the result of Ref. once neglecting higher-order 
isospin corrections. 



4 Charge symmetry breaking in the pion-nucleon 
coupHng constant and the value of the ghost- 
nucleon couphng constant 

Usually one neglects charge symmetry breaking (CSB), since most of popular mech- 
anisms provides a very small contribution. However, the analysis without this sup- 
position 10 leads to a large magnitude of CSB. The Nijmegen group has recently 
completed the phase shift analysis of all A^A^ scattering data below E-^q^ = 350 
MeV. This is a continuation of the Nijmegen analysis between ~ 30 MeV. Both 
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in the pp and np analysis, a low value for the ttNN coupling constant was found, 



indicating a large charge symmetry breaking. They found the following results |T0 

G, 



G - o ^ > 



where (7q = ^ /o ~ 13.48 is ppvr^ coupling constant, and Agf^ = 9^ ~ 9o = 

(G'p„.+G„p^-)/2 - (7o' = (^^^) Vc' - 13.48 = 0.06, with gl the charged coupling 
constant. 

After solving Eq. (|T6|) we find 

9pjm0 = 9l = 13.48 , ^^^^ 

S'rmTrO = C^nTrO = 13.61 . 

On the other hand, the contribution of the mixing of the vr^-meson and the ghost pole 
of the f/(l) problem to the pion-nucleon coupling constant is obtaind by Kochelev 
0. It is shown that the value of CSB in these constants is defined by the mass 
difference of rf-and u-quark and the value of the ghost-nuceon couphng constant. 
According to Ref. 

or 

9QNN = ^ ■ (19) 

Using Eq. {^) and = 0.27 ±0.03 [0], we find the value of the ghost-nucleon 

coupling constant: 

ggj^^ = 3.49 X 10"^MeV"^ . (20) 

5 Discussions and conclusions 

In this letter we have taken a particular Lagrangian as an effective QCD Lagrangian 
and have derived a formula of the quark content of the nucleon spin. According to 
this formula, we have obtained the difference between ASp and AS„. 



Now we evaluate the numerical value of AE and Ag. The physical masses of 
mesons are m^/ = 958 MeV, = 549 MeV, m^o = 135 MeV, and the mixing angles 

are 



determined by Ref. [12 



^^ = -1.7xl0-^ ^2 = 0.9x10-2, 03 = -0.31. (21) 

The TT-decay constant is F^^ = 186.4 MeV, and the rj' decay constant is frj' = 132 
MeV. Using these values, together with the values grj'NN = 6.3, gr^NN = 6.1, g-n-ONN = 
13.55, one obtains, from Eq. ( [TB| ) and Eq. (pOj) 

{0.66 for proton , 
(22) 
0.50 for neutron , 

and 

AEp - AE„ = 0.16 . (23) 



Frois and Karliner [|T^ found the fact that in the lowest order of perturbation the- 
ory there is an agreement between the neutron and proton experiments, but when 
higher-order QCD corrections are taken into account, all of the experimental results 
converge to the value Gi{0) ~ 0.30 ±0.11. Using this result one obtains, from Eq. 
(ig) and Eq. (|0D 

{0.36 for proton , 
(24) 
0.20 for neutron . 

Several comments are now in order. First, neglecting the higher-order correc- 
tions, from Eq. ( [T5|) one can obtain ASp — AS„ = 0.03. This result is much smaller 
than Eq. (^3]). It implies that higher-order corrections are non-negligible. Second, 
another new result of this letter is a detailed calculation of the ghost-necleon cou- 
pling constant. The large value Am^igqN^ ^ 2.97 makes it unreasonable to assume 
that Arrij^/gQNN ^ gr]'NN ~ 6.3, as in Ref. 0. When ghost pole exchange is taken 
into account in the OBEP (One Boson Exchange Potentiol) analysis of A^A^ scat- 



tering, grj'NN approaches to ^^g'^/^N " ^1'9qnn- Due to large value of ml^,gQ^^, it 
implies the geat suppression of grj'NN- This result just agrees with the fact that the 



Skyrme model predicts Qr^'NN ~ in the large Nc limit. On the other hand, it is 
enough to prove that Eq. ([13D can reduce to Eq. (24') in Ref. p, neglecting the 
higher-order isospin corrections. It implies that Eq. (|13D possesses more general 
meaning, comparing with Eq. (24') in Ref. 0. 

To summarize, in this letter we have taken a particular Lagrangian, which was 
introduced to resolve f/(l) problem, as an effective QCD Lagrangian and have de- 
rived a formula of the quark content of the nucleon spin. The difference between 
quark content of the proton (ASp) and that of the neutron (AS„) is evaluated by 
this formula. Neglecting higher-order isospin corrections, this formula can reduce to 
Efremov's results in the large Nc limit. 
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Appendix 



Neglecting higher-order isospin corrections, Eq. ( jlSD can reduce to Eq. (24') of 
Ref. 1^. The proof is as follows. 

First term of Eq. (|^) : 



NN 



2MNml 



cos 6'' 



2mj^ + ml 2 



j=im^ - m^) sin 6*3 + (m^+ - m^o - + m^o) 



x(0isin^3-02cos^3)l +F,m2^^cos^3 



m2, 



NN 



NN 



cos 6*3 
COS 6*3 



3m^/ cos 6'3(3m^, - 4m|^ + m^) - 2y2(m^ - ml) sin 6'3 



76 



F-ngWNN r. 3 
^ COS (73 

2M^ 



2M;v V2 



gri'NN 



2Mn 



NN 



Second term of Eq. (|T^) : 



F-i^gr^NN 

2MNml 



n 2TriTy- -\- Tfl 2 2 2\ n / 2 2 2 2^ 

sin6'3 := 1={^K - ^tt) cost's + ''t^ro - ^1^+ + ^-k^, 



V6 V3 
x(^^i cos^^3 + 62 sin 513 

f^'=^ Ug^NN r 2m\ + ml . 



p~2 9rjNN ■ p 



sin 63 = 



2M;vm2 



• a I 2 2\ a 

smt/s j^[mj^ — m^) cost/s 



fri'gijNN . r. /^~2 



2Mivm: 



2 sm fsVdm 



sin ^3 ( — ^/Sm"^ 



2m\ + ml 2 ■ n n 

) — m^, sm b's cos 



V3 



fri'grjNN 

2MNml 



^f^[--^3(l - v/3)m;, + sin^3(v^(2m^ - m^ - '"^^^ 



/>79^JViV=2M]vg^/V6 



-^(sine3(l-v^K) 



V^m'^ 



^3(1 - v^)V6m2 



1 

72 
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Third term of Eq. {^) : 



"2M 



r^m 7^ — 02 + 



N 



132ml + ml ^ 2 , 

2 ^T^*^ + 7S''" 



K 



mDOi + W 




(See Section 3.^ 
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